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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a nitride semiconductor 
laser having a long laser oscillation lifetime. 
SOLUTION: When a nitride semiconductor laser element 103 is 
secured to a supporting basic body, i.e., a submount 102, by means 
of a solder 107. a submount made of such a material as having a 
thermal expansion coefficient higher than that of a nitride 
semiconductor substrate is used. Thickness of the submount is set 
not thinner than 1.2 times that of a multilayer structure of nitride 
semiconductor comprising an n-type GaN substrate 1 and a 
multilayer part of nitride semiconductor, and the thickness of a 
metallic film between the n-type GaN substrate 1 and the submount 
102 is set in the range of 1-50 u.m. 
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1 

t. &mm*m&\s-vm**mtt%xftm#k & 

wi^^mm^ &M^mmmm<t®)*mfti'--' tf 
m**m&rzmm*&ftm&<Dm&^Mx. v 

*m#m& t m&m<m*m&mmn t -e/& s mm* 10 

[fr!#3l 2 ] miia^b^^^^^it^ k 
Sft:t^Ko^Jg^(75i?$^ x iitjlBg<b4^ig#^JI*SI 
itSBW? £ <D*ft£XTX%> 5 - £ iri"^>ft^^ 1 
iciB^O^bfe^fr If gg 0 

Sfrlwa^-t-^Z-c^O/N^ytDttS^K AuSn, Ag 
S n x A u S i N A u G e > P b S ru InSn.Ag 
CuSn, Xte> AuSn, AgSn. AuSUAu 20 
Ge, PbSn s InSn v AgCu S nO^ftli^ 
^tMb-frft-Cfcar. i: 1 
2 fc«B*OS{b»¥W*^--1fS«. 

tcsait bnz^k t -r zmxrn 1 -!B#3i 3 j-is 

«o*{b**WffU'— |F*6«. 
[»**5l StrlB^^^VUdWE^bft^frU 3(9 

AJ: 9 ffi^CL 4: *#« 4 t-IB«o»b** 

7 ] BSfsafbtt^Wff if SeomllS^b 40 
-|»*«6 0VNl"ix^«B«^^b*^ 

int*^ s ] m^mm *m&mm t smbso*** t 

tf>R3<£>&Jl/I<Z>JP£;^ 1 m m£JL± 5 0 p. mUTXtbZ 
C £ *#«i:-t-afl|#gi 7 l£lBtto!Mbtt¥«4*i'-lF 

[W*«9 ] WIB^btt^Wflcu-lFaSBoiWEWb 
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2 

l 0] IOTBS{bttH&«»aiS»2:me£t«S 
#i:<DflflO&Jljg<DiP£aK 1 fi rnJ^iJb 1 ra^T"C 

z t ti-z>m*m 9 \z&m<nm<m*&# u 

[000 1] 

If *W3fc«« x S>iT,fc»btt¥Wt*: u~if^S 
^BI1-^t)<o-Cfc^o r*h *Mffl»lw*5V^, mm* 
m#kl±, AlxGaylnzN (0£x£l, 0^y^ 
1, O^z^l, x + y + z = 1) -C^^^iX^^OT* 

B&10%£AT (fat. A^tfcSCi) tfAs, 
P, S bOV^tl^5c^iC@^$nTV>T^«lh>^ 
V\> X. mm*i£ft*\Z.S i. O. CI. S. C, G 
e, Zn, Cd, Mg, B e # K— t'V^ ^ixTV^ t> 

[0 0 0 2] 

®< J-o^Hi^dsftfeix^a^btt^Wfr^if 
DVD* if^SBffiJKIB^^ -r -< T^eSIffl iUffl 

[0 0 0 3] C<0J:9*«fbtt¥W#:i — If^^^x W 
11-340571 -§•^l^^$^^rv^5o ^<^> 
4#^^ 11-34057 i.»^«-e***tsa{b*** 

fru— If^^iDWiSSria 1 1 ^^"To E! 1 1 ^^i"^b 

nSi^ 7 V KS 5 0 1 x nS*^ K15 0 2, 
tti 5 0 3, pi*WKi5 0 4 N pffi^^^KJiS 
05, pi=jy^^hi5 0 6, fti!5 0 7, Rt/p 
mil 5 0 8&m\Zffi^ l»iMJS5 0 0Ogffi 

nl= hj§S 0 9^If nmms 1 0 SrWi-i* 

[0 0 0 4] :oai «t 5^»fi6$ixs'a<b«i*W 

tti — i?m*&XTMz®w£*iz>zk\££vx. m<t 

IC. ^fi. 1 0 0\znrtbtl1Z^vZf&«LWl 0 1 ±<D 
0 2_hl^Slbfe^#:^— 0 3 *** 
^<**L5 0 $fti#10 2tn«S5i0dJS 

tti-SiSI-KJfiSix, »b»*W*^— 0 3 
o 2_ht;:@£-r5fc#>lc x ^ftSfrl 0 2 
0^fiIl?:Aut^^7^XU, nli5 10^ 
a^^itS, X, plli5 0 8»iAu®-Cfe5!7-r^ 1 
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3 

o 4 ZirLT tr o 5 b iS) % 
tVl05a li. fy^iflJl o iRx*3iftm#i 0 
2tl^i:S^$lx5o fyi05a, lOSbht, 
^fA l 0 0 i:m^lC^$^TV>^ e 
[0 0 0 5] coj:5.(ca<b»*W*u-1fK«d««lrt 
tr>10 5a, 105b{:M5®firol 
ffi«rffl*DfC, »fc»**#l/-mi0 3«)nW 

5 1 oMplis o 8{cm&^mimi-^^t^^^ 

[0 0 0 6] X, tt*J:9«ffi$JltV^GaAs»«) 

(El 3 0>£f*S* 1 0 2 Ji x ¥ 

ffftU— fm*<D&WLk LtfflV>b^Ga A s 
!HMtotf**ie<, iRfilVV^ffv^S (Mxtf, S i 
C) flsJBl^fi/CVfc. wtlfi, GaAs*0>¥Wfru 
-1fjgH<7>»3\ W*^f*^fci«t5GaA8 

tic, aW»*v--if»^»j:*#ttje:A*»ftL, 
[0 0 0 7] 

[0 0 0 8] roj;5*iaHSrfiE^r, 
[0 0 0 9] - 

[«H£#*1-Sfc«>O^Jil:] ±E@ 

mt**m»i'-u t **bs tta<b**w*u— if*-?- 
**u-if*^^*«i-sa{bte*w*stRoj»»«« 

5S4b«¥l»tt:flUI«igff^*S0l. 2fBPJK±-e*>S 
[ooio] mIlES{b^#*fls:Sieflligla5 
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[o o i i ] x, miaa{b»¥W*u-if*^srttiBX 

ftKWwBsei-Sfcabo^^^ottK^. AuSn. A 
gSru AuS i, A u G e , Pb Sn, I n S n H A 
gCuSn x XII Au Sn, Ag Sn, A u S i , A 
uGe v PbSn, InSn, AgCuSn tf^-f tlfr 
«r^tf<b-&*«rfflv^. Z<o±ot£^>y\zH>\,^X, M 

[0012] x. ffi&&ftmft*ffittXTJ*zmi-z> 

btiZ*. i\zi,xi>mt>%\,\ BP*>. USE?- 

fc, WE»b«*W*w-1f*^^^vh*ixfcinE 

Elf * > h lcfi1rE£{b*¥i«* u—if 

[001.3] X, miBJMftMtfc^fASrttS 
/Witart^ WIBt^i»h«r*t, g<b 

[o o i 4] x> WE»b*^w» u-if»it<DinEa 

<b**WflcK««**tttEX«Fai»:|cH* SJXS ct o id U 
Tt«*>ftV% 8>ES<bM^«»Stf2:mE 

[0015] x, HaEa<b»***i>--ifK«oBttEa 

^bte^W#:8ISlFBffl!]^«lEXl*S<*:^@^$ixSJ: 5 K 
L-CtWfeftvs i*>**. lltESYb«^«»8IJIff-2: 

[0016] 

40 -1ftt«JwR(tfe*vS»b**W#u-1f*¥o«aSr 

^L^^r®Ei-efc5o if, i fc^-r&fbtt^W 

[0017] m 1 <E>S{b»¥W# tf WW** n IG 
aNg^l(Z)MJ:l:, nlAlGaInN^77;l 
201, niAlGaInN3^^h|2 0 2, n 
A 1 G a I nN^7yK|2 0 3, nlA 1 G a I n N 
0 AlGiIn N^iff?fF^l 2 
05, pHAlGa InN^Fi2 0 6, pSiAlG 
aInN^7^K!2 0 7MplA 1 Ga I nN^y 

50 *t M2 o 8t>m\zma£*iz>k t t>t-, piaig 



5 

a I nN^7y K12 0 7 0li±t'lo P lA 1 G a 

1 nN^7'>Ki2 0 7MpSA 1 G a I nN = >-* 

[ooi8] x. z.<Dm<tm*m»i>'—?m*n. nm 

G a NS^ 1 <Dm&W\z n «« 3 <bix& tth 

\Z % P |AlGaInN3^ni2 08Mii 

2 0 9<a«®±tw P mffi4J&SS&ttfefr£o 

»2 1 Oil, #ffig*fS]K5£{* L*:* h7-</ttO»S . 

[0 0 19] wO^{k^^»:U-if3g^« s i«]l:n 
SGaNSfil &*««fe*-ra. 0 tl*C, nfGaNl 
ffil $:MOCVD (Metal Organic Chemical Vapor Dep 
osition) S£«rtfcr«AU &g*SI^ 

iot, niA 1 G a I nN/<^7 7 |2 0 1. n^A 
IGa I nN^y^ hf2 0 2, nlAlGa I nN 
^7^K§2 0 3 % niAlGa I nN^Ki20 
4/AlGaUN#lif#FSttl2 0 5, pSA 
lGaInN^Ki2 0 6, pSAlGa I nN^7 
V KB 2 0 7Rtfp§jA IGa InN3^ni20 

[0 0 2 01.:©^, niAlGalnN^yKi 
2 0 3^ ^3Z£i~& n MA 1 G a I n N;#V K12 0 4 

^5«t9lcW$^ X, piAlGalnN^yK 
§2 0 7^ x 5 plA 1 G a I nN^ KJB 2 0 

6 letter, mvtm&'b* < io/^k^^ * 

<fc*J:5fc»j££:h,5. X. AlGiUNtttf 
#F»ttJi 20 514, RgSR^FS^^Stc:1fi?ftS 

[0 0 2 1 ]^: LT. ^IMlcfp^r^ Yy/(71k 
\z^y^is<y&'ftK>*iX, V vi?n»2 1 0«r»iS1-S 
S i 02^^112 0 9 $rlf $^TMlt 
P SAlGaInN = >^ni2 0 8^ftlH 
£<, roj: ptcL-C^e^^c^tV^tf , niAlG 
aInN/^;7rl2 0 1, nSAlGalnNa^ 
ni2 0 2 s n S A 1'Gb IhN^77Ki2 0 3, 
nlA IGa I nN^>f KI2 0 4, AlGa InN# 
m#PiSfti2 0 5, pSAlGalnN^Ki 
2 0 6. plA'l Ga InN^7^Kl2 0 7, plA 
IGa InN^^^H2 0 8R(;««I!2 0 9 TUt 

[0 0 2 2] :©1»»*«1S2^, nlGaN 
mtiLl<D&m±\zMt$.£inZbi. nlGaN££lO 
ff£#3 5 0 /:mt&t), «fb»¥vW«MWi» 2 Off $ 
frl 0 nmX&>Z> 0 *r<E>», Pd/Mo/Au^'m-CS 
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15 0 A/ 15 0 A/ 2 0 0 A t 4 Oo 
[0 0 2 3] »i^BW*0»l«^ft^ 
y hx 7 fy^xttK7-fxyf-y^oft¥«^S«: 
fflV>od£T% nSG a Ngfe 1 <7>SIiJ^iJot> n 

sg a Nisi tmtm*m&mmu2 1 vn.m4xm 

/&£iT,5£ri:^<Dff££4 0-2 5 0 |i ml^if^o 

sa^t-ii. 4 0-2 o o txmb9&>\zmm-rz>^k& 

£rffi V "*"C ^ s^(Dj^-fy £r 1 8 0 /x m IdfUm 
««rfl§l^T ^x/N(7)I^$r 1 5 0^m(^iU: o 

[0 0 2 4] n 1G a 1 <oMftmi>\b T i 

/Al/Mo/Pt/Au«-(?nSi3t 

XMf&TZo Z.<Dt%. nSffi3fC^V>r. Ti/Al 
/Mo/P t/AuWf $l«*l€tl> 3 0 0 A/1 5 
00A/80A/150A/1 5 0 0Ai^5 o 

Ti/Al liniG.a NXS 1 iOt-; 7^8* 
20 frtSfc^i-Cfc?), MoliAu i-A 1 &dS-fr&4bi- 

[0 0 2 5] :©J:7i:,.nlGaNIffill:, 
ffilli:45nmil3SrJ:«wLT, nlGaNlSUl^. 

,tt5^^7^^s^5:fe, ^9-f^?-f^ 

[0 0 2 6] tLt, U— *>tf~Rt3L\ZXl) 

STJUDX-Sw^tCtoT, =7 4 -J =7 4 X^oT?^ 

■Cv H 1 o J: 5 4»b**»*i/-f S^SrftS w t 

^o^to^t? U7i- Lfca*> 7^ty-x[«^^ 
m^&y>m&n\z.# 7 v t &&t£^x *t 7 4 * 

[0 0 2 7] J£iT^^ 1 RV» 2 OHtt^«Tti. C O 
50 J: 5 ^Wja^^saibft***^^*^^*^*^ 



-4- 



7 

[0 0 2 8] <^10»|>^OglOllfii 

Victor, a{b*4fci»«cu-if»K*««rts^5. 
[0029] *nmteu<Dm<m*m# u—if jswi* ;o 

0 2 <£> «fc 9 0 3 <D*y-J* 1 0 0 Id^g-r* «t 9 1-^ 

j£3ftfc^*:/«tt»i o i ^iic^yyi o 6-e 
mjzztit^-v-y^v^ h i o 2<7>^®_l^ m<t^m 

IfSi^l 0 3i5A^l 0 7lcJ;o-C@££;n, 
Oc EP*>, h 1 0 2^ N [U3 1^1" <fc 9 let" 

o 5 a tmfttticaitsixfc^y^jinaj'i o i 

h . 10 6$:* LT««l»lw«a$ixS t t 4> 

[0 0 3 0] £i\ h 1 0 2£D^®±lw % y 

03dW^yh £;ft,£ 0 EP*>, Ihy^^X h 1 0 2(Dt 
Eikic^^i 0 7 ^^L"C. 0 7(DM&£ 

aft»***U-f*^l 0 3-^n«ffi3*5f ^ 
^hlO 2fB0l£*aJ:?i::*Ht:S. ^ur. 

M3i/>^l0 7tS:fi<4i:4-fr5o CLftlcJ: 
0, ni®3(OMiOAui^>yi o 7+i:^ii? 

^^107 $rg>fb^¥^(*: U-f 8 1 0 3 fcJMf Lfc 50 

[oo3i] §i % u—if 1 o 3- 

^M0 2^, ^TTMRWl 0 1 WftffiJ:!::, 

y 1 0 6$r^V>T^@^$tb6o -t It, EI3 0J: 5 

ict^^i o 5 b tmmztiizvj* i o 4tK 
i%&u-?m* i o 3<r>pmm4\zmffi.ztiz>zt\z£ 

ot, 1 0 5 b t t«¥i* U-f *f 1 0 3 
Ibtt^Wtti'-lFSrp l 0 3***7^ i o 0Mt3:g£ix 
1 0 0 \Zffi£tiZ> 0 

[0032] z<D£o{zmm*mfti'-v%imm&t 

tAgCuSn^l/^tHl:, ^y^i o 7^TO 
tLTAuSn Srfflv^o Xs M0 2l:o 

^XU*.*<DttnZ. nlGaNS«l^iS$(Oil 
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i/AuSrldl:^y^Mtfco X. t^^yhlO 
2»cS<bfe^*fr^-f : *^l 0 3 «ra«i-5R, ^> 
yi0 7Wt5fc*Mfe 3 5 0tiS^:L 

[0033] ^ o«t 9 fc»b»*N*ff u-if *£g£«j$; 
-^9 v h i o 2 k<Dffl<D&mm<Dmm& 1 o ^ m<t u 

if y-v^7 > h 1 0 2tf>J?££ 70/i rn*><b 1 ram^T*^ 

^1 03^)nMGaNSSl £ S4b4fe¥VfMWIff 2 £ 
J: SSfUfe^WtflMflliBoff £ £ 1 5 0 m mi:t 

1f««**tt, *Bi*«:'3 0mWi: Ufcttfit, APC 
(Auto Power Control I) mSh^tz t t(D§^^« 

[0 0 3 4] El 4 <7?^7^ J: 0W*>a*fc«fc 3i&m 
MSf^^hl 0 2<Dff$7&S, tt4bfe¥9(tfll 
SflligOJ? $ <Z> 1 . 2«t*?» 1 8 0 /i m£JLL£*iX 
tf, U-—!f 1 6 0 0B*l«JeJU:fcfc9* If 
»»»«**<45:t#teW. Mid. f^^h 
l 0 2 0ff$ds»<*S«5ifw— 1f»«#Ad«*<3fe 
I?, Ub«^IHII«SOf $0 2ff i«o 3 0 0 /i 
mJ£U:tft££:, f- 3 0 0 0fl*Mlirffl*. 

[oo3 5] -(Dt*$ktt. &<hM*m<*mmmm<nmz 
$:5o-35o mn^mx^it^^txm^^m^rr^ 

im*&i*immmm<Dm ^2 m$i± ti-z^±xm\z 

[0 0 3 6] Z<D£ ?\z3Lftm&X1hZ>Vz?^V>Y\ 
0 2<Dm£&m<1-Z>Z.t\z±'DX u~1f 
<'4ol*i IT, t^^F 1 0 2(DUWz^ ^(O 

*>5*{b»*Wff«48 (*3tllli»ttiw*5V^rtt. GaN 
HP*>. it^^JtLT, GaN©ISyi36««J:!!l/hSV>» 

■rx 0 iz* c u offtwiRfiHktt 17X10-* [1 /k] 

X^fe 9 . G a NOMWUffift 5 . 6X10- 6 [1 /K] 
^ri^-<-C^:^v^ x s i Co?lttlB^»««»i3.' 7x 

10- 6 [1/K] G a MtDt&m&KWzlt^X 

[0 0 3 7 ] GaNOM^«t^t 
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— tf l 0 3 tctt, ^yhi02(^^yM 

^bte^»*i — if*^i o 3<D&mmmmmm 
[0 0 3 8 ] *«fc»ti-ett, -tf^^h i o 2 

LTCuSrffiU\fca* % tQlUIISffft^GaN 

a As, CuWio, Al203 x CuWis, BeO N Cu 
W20, Al-SiC, Fe, Au, Ag % Al fcif-Cfc 

tt, M!M«4tfR#T*fc9ff*Lv\ Sic, coif:/^ 

f-^-? V > V 1 0 2 OSfb»¥#<f !f Hf^F 
103H!)yh LTV^Itfy^»««i 0 l.OBB 

[0 0 3 9] X. Z<D£ 0\t*y-7^Vy V 1 0 2ICG a 

NO^KSIftakJ: t)i«v%Cu^tt»fc LTffiv^ixfci 
Itt^ift U-f ^ 1 0 3 (7) n 1G a NSS 1 

Rtfy"?-? ?Vhl02CDj?£ Sr^tb-FH 150m m& 
t;3 0 0 /im^L, 0 7£^frngJG a NS^ 

l h 1 0 2 «t<Df?S<£>&MJ§ 0. 7 

/iixi^<bl 5 0 am^T^b^fci:#(OU-if^^ 

[oo 4 0]. rot*, &JlJI<z>SJPas3S+Mm^ 
To»v^fctt, ifz/^^h l o 2 xraatfbtt^W 

»u-fs^io3^fii^ au s ns^y&mm 
h io 2 fc a<b**»*w— if io3t 

^OTLtv^ h£tT5o X, B5lt SWA**** 

[0 0 4 1 ] m s&Jf^yJ: VWhfrte <fc 91^ 
1 0 7^nlGa NSfil tif^-r^h 102i 
<Df?fl<D&JlJi<DJiJ?/i>s 1~5 0 /im-e*>*Ui % 1f$g 
tS#«*5l 6 0 0«FW^±t*9. 1f*«**J&5ft 
<45wi ^W^. ^ic. &JI5JloJiff *s 3-10m 

:i^^5 0 fsu h i o 2<Dm£*. mtm 



(6) 2 0 0 3- 1 0 1 1 1 3 

^ t bixfc e 
[0 0 4 2] :oJ: £W§0> 
11^5 0^m$:iioh V"?-*** h 1 0 2JblCg 
fbte^* t — if-SS^ 1 03^v^y hUci:tlC, 
■ »b»*Wfr^— 8f*^i 0 3^d»d»S)EIBtt<ojS:*^ 
/>yyi0 7i:J:otaiR*Jxtl*5wi:i:, &J^/I 

2km<t&*mm — ■ tfssi^i o 3 ir<o«#tt^ss<. 

aiftttdSB <^oTL*5:tt tflBH £ %x. bit*. 
70 <fcoT, 1 0 7^tfnSG aNSSl 

£ h 1 0 2 t <Dffl<D&mm<DmW& l mJ; 

[0 0 4 3] « % *XlS*«rtta<fc**«ffU-1f» 

^1 0 3S:^y^^> h 1 0 2\zmm-?z>tztb(D^>'y 

I 0 7 t IT, Au S nSrJBV^fctf. I n, S 

n, Pb x I n A 1 , A g S n. AgCuSn. ZnS 
n . P b I n , P b S n , I n S n . AuSi, AuG 

20 m^x^mt>^\ x, Mfctfrn^'^y 

0 7 £ Lt, A g S n, AgCuSn, 
AuSi, AuGe, PbSn/lnS nft2?tf¥lf 

[0044] *^ts^tg-en, i^y-?^>' M 0 2 

CO^cSt-N i / A u J&siKKL-tix^hJiJPas 0 . 4 m m/ 
0. 1 /lint?* y^-WtfcSixa J: 3i-LTVN5^ % 
¥ 1 0 7tcJ:5f-^^>- h l 0 2 ^a^btt***^- 
1f»-T- 1 0 3 i: Og3j[ftti:M LT^^#l4dS§fch6 

[0 0 4 5] X, 'f^jf^b 1 0 2«r^5/^*«» 1 
o i ±\z.@-i£1rZ>1zib\zVimzinZ'^>'? i 0 6 tL 

Xs AgCuSn^^f:*^ PbSn, Ag 

Sn, ZnSn, In, P h te¥<D{&<Dttnjfc<D/^ ? 
Sr«fflUTt>«*3*V> 0 |IU *Siiflt(^ »b» 
*Wflcu-if*^.i 0 3Sr1^y^9Vh 102C-7^y 

0 1 ^B3£1"5^:«>, »b»*Wff U-lfW^.l 0 3 £ 

40 •v-y-rv^h i o 2t£Bje-j-afcai;iffiv^'^y i o 
[0 0 4 6] *mmmxtt % &&&& t utt^ ^ 

<D«ffio»DX»jKd5iKv^-e % ^{b^¥#(*:u— If^^F- 
X^S^ i «t 5> S - t & X% 

[0 0 4 7 ] <I2(D»H>«^^2^W 
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2 Rtm 3 O-t ix^«w*5lt 5«B^ fc goSB^ICovn 
[0 0 4 8] *SS««lB«a-ffc«P^3K* l"— !f Mttt. 

ffU— if*^ 1 0 Zfr'^S* 10 6 lw«fcoTB*£*b 

[0 0 4 9] KOJ: 9icS{b^**^-if3£e$r«IS; 
Lfci*. 0 ioiP££, Sfb*¥** 

9 1 0 3 0> n §JG a NSS 1 t S{btt¥«ttt* 
■»2t^J:Sft<b**W*«Jilll»«>»*«>l-. 2«" 
J£A_b (Wfctt* 2{gJ^_h) ^fStHI^ ^y^*f* 
1351 0 1 t LT, *<om®&ffi&&G a NOgMBHfitft 
J:0fc*#v**m*fflVN* o 'x* /^^l 0 6«r*tr_n 
a NSffil i^y^THM&l 0 1 £Offl<D^J!JI<7> 

afbW^W* 0**^ l 0 3 fc^F-v yf£«fcB 10 11: 
^ 9 > h Lfc # . MM**** tf 1 0 3 i-EE 
ttttojfc^j ****** 0, u— if ftfto 

[oo5o] ^mtsn-rti. mk»*»fn^— * 
*fio3 <Dmm*m&mmm^<om $ £ 2 0 0 M m 

a^^I 0 6<Dfcf£HCA g C u S n £r/8V^5 fc t 
0 6^tfnlGa NSSl t^VfWWL 

»i 0 1 t <nm<D&mm<Dmm-* 2 0 »mk Lit* x, 

*M73jfi?*5 0 . 4Mm/0. 0 3 /z m £: 4 £ <fc 0 \ZM& 

•rs. v-vTmwtoi o i com&m o o o umt 

»b»*»ft: U~lf^@CO U-if 3 0 0 0 B* 

[0 0 5 1 ] *X*»lfcfc:*$v*-t\ Mb*'***^ 
-1f*f 1 0 3«r^y7T»*»l 0 l^*#i-<bfci«>o 
/Ny^l 0 6 t ttv Ag C u S n^V^S, W*. 
tf x In, Sn, P b , I n A K AgSn, AuS 
n, ZnSn, Pbln, PbSn, I n S n s AuS 

U AuGe^O/N^^ xtt* ztnb<Dik&Vo£ K) 4 

1 0 6 £ LTs AuSru Ag 
Sn, AuSi, AuGe. PbSn. InSnft if* 5 
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[0 0 5 2] X. **tS*«TH, 0 1 

(7)tiCM o/Au #KitC-t *X^*xJgJ¥* s 0 . 4/i m/ 
0. 03(imt^5/^rM$^i9l:ltV^^ ^ 
y^l o 6fc-fc5**:TOtMRl 0 1 i:aMb**W(*t^ 
— 0 3 i:<0»3|M4{c»Lr!fi:«*4»tt^»fc^ 

[0 0 5 3] JB ioJll6*ffltH* v ^^^ , «« 

G a A s x CuWio. A 1 2 03, CuWi5, BeO. C 
UW20, Al-SiC, Fe, AUv Ag, Al fc*f"C 

tt, jft»«tt**a»"C*>t)»*bv^ Sic, 

[0 0 5 4] ***»tt-C«:, X^Sfri: Uf^I 

^btt^W^^ifftB^SKa^^fc^^^S* 5 * 

[0 0 5 5] fS), ^1 Rt^» 2 ^|alfi*1B^*5V^-C, £ 

l/-f #f 1 0 3 O n ta 3 1 1 , ^n^e 

iXCOi? 3 0 0 k/ 1 5 0 0 A/ 8 0 k/ 15 0 A// 
1 5 0 0 A^ftoT i /A 1 /Mo/P t/Au^r, n 

ig a N£is 1 «y***b«Si-aa ufcas. 

nSGaNSKU^-v^S 
50 t ZtztiXDm-ZtoZT i /A 1 c^ffi^^r, WZ-tts 

H f /Au^BSrfflv^r *3«^4V\ 

[0056] ±&<om 1 Rt/s 2 <ommmm^^ 

niG a NS^<OS®^I2:tt^tt^nm^il* 5 ^^ 
[0 0 5 7] <fg3^*lfi»1tR>*»M^*3^*liK» 

fru-if^f om^^^-r^rBEi-efe^o bio 

U—1f*-T'*5«ltfeH*w tic .fcoT, ^fb#9 
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[o o 5 8] msnmttio^m&^—fm+fc. min 
mtm*m& u-^m* t mm. nsca ns^ i com. 

SIC. nSAlGaInN/<y7 7 l2 0 1, nfAl 
Ga InN=iy^ni2 0 2, niAlGa InN^ 
7yKl2 0 3, nlA l G a I n N#-< Kg 2 0 4. 
AlGaInN^lf^FM2 0 5, plAlG 
a I nN#^ KI2 0 6, pg|A IGa InN^5yK 10 
12 0 7R(; P iA IGa I nN h!2 0 8^ 

MP(i-aS$HSo X, p^A IGa InN^77Ki2 

0 7 Otl±tlo p MA IGa InN^y KS 2 0 
7&tfp^A IGa I n .N=> M2 0 

tts y ^^2 i o<Dmm^^m2 o 9^is:tfibix 

So 

[0059] zlx. *f*^tt\ 

n iG a NSfi 1 n tft 3 bilS t i 

t>l-> plAlGalnN3>^^hl2 08^i 
B 2 0 9 ©ai±i: p 4 a A^Rlt bilS, ^CQi: 20 

p SS 4 a a, a i o p ts 4 © i 5 y y 

V^T, l«¥»*«IHJ20f O/imin, 

[0 0 6 0] (2j9co«t 9 ttsa<b*^Wfls 
t^cottx*. mi(Dmm.^m m2) tnm. 

1 0 7 iaot, ■fr^frV' h 1 0 2^@^-TSo 

*««*1BT?M;, »lolMfi»tti:»4«9, pli J0 

4 a1iy^*^y^r>vh 1 0 2tC-^^>- h ^^ffitft 
S e X, H30,t5^tl'>'i 0 5b £««$*Ufc!7>r-V 
1 .0 4 »b***.fr ^-r."? 8 *-?- 1 0 3 a CO n 3 

So 

[0 0 6 1 ] COi:9^I»^#U-fgl$:M 
*Hlfi^»"Cli, »fc**W*w— IfSH 5 -! 0 

3 a (DniGa NSjgl £ fi<btt*M*fMWIA 2 £ K «fc 
S*{b**iltff«HB«aifl!>JPS*r2 0 0 ^mttSo r. 40 
<Ot%s a<bft^W(*:u— if^^l 0 3 a<7} P m*$4 a 

Pd/Mo/Au/P t/AuOJi-elf 
t5^it*ffiU Pd/Mo/Au/Pt/Au©l 
• £r-t;h,-€*u 15 0 A/^ 15 0 k/ 2 0 0 0 A/ l 5 
0A/1 5 0 OAtf^, 

[0 0 6 2] X. If-^^h 1 0 2l£OV^tt. 

Ztl^tlO. 4/im/O. 03/imi/^Mo/Au^ 
■IOlfc:**U 0 2 01^4 0 0 fim^ 50 
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igfrSMffi 2 ^ u-y-^ ^ ^ h i o 2 t <Dm<o&:mmt>K 

Au SntfV^^i o 7£^£^A/-C1 . 5/iraM$ 
*l % 0 7i:iot, iMb*****^— If* 

f 103a W^^h 1 0 2<D^m±\Z&%£t% 

So ^i-. :oSft»^*u- ifiS^i o 3 a aw* 

> h Ztltz-V-?-^?^ h 1 0 212. 

06iaot, o i <DBt&-±\zmmzti 

So 

[oo63] \zmt& Lizmim*m# ^- if as 

SOU— 1f^M^*i3 0 0 O^FP^JL^±i:^oyCo d: o 

cor. ££9, ^^Vayr^^Htift 
*^*#u-1f*^^aftaufc»^^t-C<t< . .^^ 
* v 3 ^^^v^tB-e^b^^^-if^^^gSB 
Lfc»*fc*5V*-Cfc, u— tf«fi**S:S*A^bi-Sw 

s e m^. *nnj8n<o£ofci?+>'9isB>' 

[0 0 6 4] ^HJfiJ^tSTfi, h l 0 2 

*©WW«RA«, fi<btt¥Wfc«Jl1*«Oig**£3l 

m-ez>zm.<ktio*mftmm (^mmmm^^^xn, g 

aN*Kl) i: LTOGaN^I^J:?)^<s 

x, ^<^ff$d«a<b»*w*u-if*^(7?a^b»^*#: 

^1 0 6, 1 0 7(roV>-Ct>, !Sl 

[0 0 6 5 J x/**tt»t|-e«U ^^Vb^-J 
^^W-e*<b**W*V— !f*^l 0 3a fex»aw«c- 

1 0 7 OgJPtfSffV^ , g<b&> 
%*^U-if*^l 0 3 a Op nft^iC^^^l 0 7 

7t$tf'nSG a Nfiffi 1 2: If:^* ^ M02 i (O M 

1-10 /xmif^C^^M-Cfo^c 
[0 0 6 6] ^Hlfe^tS^tt, S«Ffi*^U-C^ 

y^^>^ h^ijffi LfctiOi: Ufc^ N 9S2<DmitSM1Btk 

Wffu-1f*^^^yy#«ttl^^v hi-S J: 5«-U 
[0 0 6 7] 
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SJ:9*l<t5:il:J:ot, Sibft^Wfru-lf* 



[El 3] K{b«¥«ff^-lfKltO«tto-Mfr^i-« 



[0 4] *»Wo»b****i— !fSg«^*3ltS*» 
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[0 5] afb*6¥«*u-lf#^i3S»iffi:o|Hi^ 
[El 6] #tt1t«>nV!MRft«r«-MS. 

js^-twee!,, 



i9] mtm*mft\y-vm*<onj$LZ7*-s-ti!h<Dm 



10 [Ell 0] S3<DHfiii©l{kft^i*l/- ifggo 
[Ell 1] a<b«*»ffu— !f*^i7>*fiS**i-fe«)0 
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